Introduction
Linear Fresnel systems are among the most promising technologies used for [5] . Abbas et al. [6] [7] proposed a new arrangement of the heat absorber. Furthermore, the linearity of the linear Fresnel internal mirror was modified and the optical efficiency of the linear Fresnel field was also enhanced. There are different LFC receiver technologies: cavity receivers with an array of parallel tubes [8] [9] , utilized by ArevaSolar and among others, are included by Novatec Solar and Solarmundo [10] , as well as single tube receiver with other geometries secondary reflector [11] , Qiu et al. [12] [13] performed the study of the coupling heat transfer process of radiation-conduction-convection in LFR heat absorbers under non-uniform energy flux distribution boundary conditions, analyzed the photo-thermal conversion performance of the LFR system, in addition to obtaining the non-uniform temperature distribution of the surface of the absorber tube.
Focus has been thrown by earlier research studies on the arrangement and numerical measurement of linear Fresnel spectroscopy. Furthermore, there are a few analyses on the energy flux distribution of the absorber tube and the efficiency of the system heat collection in the cold region. For the purpose of performing accurate analysis on the influence of latitude for the receiver surface energy distribution of the linear Fresnel system, this paper, at first, made use of the TracePro software in order to model the linear Fresnel mirror field. It combined with the latitude of the cold region to change the solar elevation angle, and then analyzed the changes of the optical efficiency of the system subjected to varied angles of incidence. Contrast latitude 0˚ and latitude 40.8˚, the absorber tube circumferential and length direction energy density distribution changes, as well as the linear Fresnel experimental system were experimented, and the thermal transfer factor was introduced to perform the analysis of thermal efficiency of the system.
Optical Modeling of the Linear Fresnel Solar Field

Optical-Geometrical Model
In this paper, the linear Fresnel mirror field has been presented in Figure 1 
R E T R A C T E D
Plane Angle of Incidence
The angle between the mirror element and the ground was the inclination angle of the mirror element β n . The inclination angle of the mirror in the mirror field exerts an enormous impact on the system heat collection efficiency. In accordance with the geometric relationship between mirrors of the system structure parameters and optical parameters were presented in Table 1 .
When the mirror field and the sun shared the same side of the receiver, Equation (1) was utilized in order to calculate:
When the mirror field and the sun were positioned in the receiver side, Equation (2) was put use in order to calculate:
α : incident angle of solar rays, ˚ n Q : mirror distance from the center of the mirror field distance, m.
Mirror Field Numerical Calculation
LFR Optical Efficiency Analysis
With the use of the concepts of ray tracing approach, the Linear Fresnel solar field was presented that has been modeled as an optical-geometrical system characterized by its geometrical as well as optical characteristics for instance reflection, refraction and transmission [14] . The system is characterized by slightly curved heliostats. The solar field is modeled as a solar scene that comprises, as presented in Figure 1 , two main components: The solar rays, released from the sun, taken into consideration as straight lines, Material objects with particular geometrical shapes: heliostats, absorber tube and secondary reflector. Each component is modeled in accordance with its appropriate parametric equation.
Optical interactions between sun rays and components of the solar field are modeled through calculation of their intersection points, in addition to determining the new coordinates of the resulting ray [15] . In the TracePro software, the mirror field, CPC and absorption tube model were established. The mirror substance was set to ultra white glass whereas the surface property was set to silver, and the CPC surface material together with the same characteristics was set as the mirror field; and the absorption tube material was set to aluminum. The DNI was set to 800 w/m 2 , 500 × 500 of the lattice light source density. Furthermore, the ray trace pattern was presented in Figure 2 .
In order to analyze the influence of latitude on the optical effectiveness of the linear Fresnel system, the numerical measurement was carried out with the similarity of the numerical measurement. With the latitude of 40.8˚, adjustment of the position of the mirror field was made in accordance with the regional latitude. 15˚, the optical efficiency amounted to be the lowest, and the loss of light in the mirror element gap was large as well, together with the formation of shadow by the CPC in the mirror element of the primary mirror field, resulting in the optical efficiency less than the efficiency of light's vertical incidence of light. As the incident angle of the light increase, it leads to the occlusion and shadow loss; when the incident angle augments to a specific degree, CPC did not generate a shadow in a mirror field. The optical loss was resulted by the gap between the mirror, and the optical efficiency of the system observed an increase. When the latitude was 40.8˚, the optical efficiency of the system amounted to be less than 0˚. As the incident angle was increased, possessing a greater difference between the two conditions, it was caused by the end of the loss. The condition was an incident angle of 75˚ together with the latitude of 40.8˚. Furthermore, the optical efficiency of the system with end of the loss and the mirror between the shadow losses firstly increased, followed by secondly decreasing.
Energy Density Distribution of the Absorber Tube
The latitude of the region exerts impact on the altitude and azimuth of the sun, in such a way that the incidence angle of the sun is different. In order to analyze the influence of latitude on the energy density of the tube wall of the absorber, analysis of the energy flux density distribution of the absorber tube wall at latitude 0 and 40.8 degrees is analyzed at the vertical incidence of the sun, as shown in respectively Figure 4 and Figure 5 . As evident from the figure, representing the models due to the fact that the receiving surface are symmetrical tubular receiver, the light irradiance trend is fundamentally the same that is owed to the symmetrical position of the light paths propagation, whereby the path is fundamentally consistent. According to the analysis at latitude of 0˚, the absorption tube circumferential direction energy density distribution does not appear to be uniform, as some areas of incompetent flow distribution, part of the regional (a) (b) Figure 4 . The receiver irradiance figure analysis at latitude 0˚ region. energy density is large, and the tube length of its energy flux distribution. When the latitude is 40.8˚, it is above board that the energy flux density distribution of the absorber tube wall exhibits uniformity. On the other hand, the energy flux density direction of the tube length is reducing, and some of the pipe length is not distributed that is because of the fact that, at the same time, the latitude is 40.8˚. The angle is small that poses impact on the absorber tube wall and the tube length direction to energy flux distribution. Consequently, this energy flux is expected to result into the non-uniform temperature on every tube, and it is likely to result into two further adverse effects [16] . The first one suggests that the local high temperature is likely to accelerate the degradation of coating on tubes together with the decomposition of the heat transfer fluid. The second one is that the large thermal stress resulted by the temperature gradient may lead to undesirable distortions, in addition to damaging of the receiver, particularly as the evacuated tube put to use [17] . As evident from Figure 4 and Figure 5 , the latitudinal 0˚ region is symmetrical and color distribution on the receiver does not have uniformity and the receiver is intermittent. The focus width amounted to be approximately 3 mm. Figure 6 (a) displayed the energy flux density distribution in the circumferential direction of the absorption tube. As suggested by the figure the distribution of the energy flow density of the collector tube at latitude of 40.8˚ mounted to be large and the energy flux density distribution was uniform, but the overall energy flux density was less than latitudinal area. 
R E T R A C T E D
Thermal Performance Experiment of the System
Heat Transfer Factor of Collector
The thermal efficiency of the collector was subjected to the steady state or quasisteady state condition, the collector energy at a specific time the effective energy income and the condenser effective area and at the same time, in order to receive the effective area of the condenser on the amount of solar radiation:
In accordance with the energy balance equation of the absorber: Q total suggested the total heat of the suction absorber tube, Q loss indicated the heat loss of the absorber tube, U L represented the heat loss coefficient, t r implied the absorber tube surface temperature, t env depicted the ambient temperature.
The absorber constituted of a CPC and a vacuum heat collector, together with being was higher than the reflector 4 m. The surface temperature was not easily calculated. Moreover, the inlet and outlet temperature of the working fluid could be attained with the help of the temperature sensor. That is the reason that the heat transfer factor F R was introduced for the purpose of representing the heat Collector surface temperature for the working fluid inlet temperature when the heat ratio, and the instantaneous collector efficiency expression were rewritten as:
If F R , U L and theoretical optical efficiency were constant, the instantaneous collector efficiency modified with the normalized temperature difference as a function. All through the experiment, F R appeared to be a weak function of U L , whereas U L was a function of wind speed as well as operating temperature. Linear equation suitable to the thermal efficiency of the collector was a very good approximation, that made use of the efficiency curve and the Y-axis intercept for the purpose of estimating the actual optical efficiency. Furthermore, the slope can be applied in order to estimate the total heat loss coefficient of the collector.
Measurement of System Instantaneous Heat Collection Efficiency
Combined with the cold season in the spring area with larger sand amounts, the sun height angle is small, and the ambient temperature was low, as per the ex- The key factors that exert impact on the efficiency of the linear Fresnel collector include the inlet temperature, ambient temperature and direct solar irradiance. The inlet and outlet temperature of the working fluid is slowly and steadily elevated all through the experiment, and the temperature difference between the inlet and outlet amounts to be 5˚C -8˚C. All through the test, the oil pump was in stable running state, and its mass flow rate was maintained at 0.22 kg/s. A prediction is made here that the temperature of the outlet heat transfer oil generated by the autumn will embrace great improvement because of the improvement of collector optical efficiency together with the enhancement of direct radiation. As evident from in Equation (7), we can observe an intercepted efficiency of 68%, with the data selected in this article for the period of no end loss. 
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As suggested by the change trend of the system heat collection efficiency in Figure 7 , it can be observed that the smaller the difference between the inlet temperature and the ambient temperature, the greater the direct solar irradiance, and the higher the collector efficiency. Figure 8 revealed that the total optical loss of the system accounted for 32% of total solar radiation, which enhanced the performance of the absorber at the same time. The system structure was optimized, decreased for the spacing of the mirror, and reduced in the optical loss. While a heat loss of the system showed a reduction with the improvement in the inlet temperature of working fluid, so the system thermal efficiency was reduced.
The thermal loss coefficient of the linear Fresnel system mounted to be 3.16 W/m 2
•˚C, and the heat loss coefficient of the whole system, included the heat loss of vacuum tubes, pipes, tanks and other systems. In the cold region, the linear Fresnel concentrator system is quite essential for the reduction of the optical loss while maintaining the system's thermal insulation
Conclusions
In this paper, we primarily performed the comparison of the optical efficiency of the linear Fresnel system subjected to different latitudes, and obtained the energy flux density distribution of the absorber tube. On the second place, the thermal transfer factor was put to use for the purpose of the linear Fresnel experimental system, in addition to analyzing the system instantaneous thermal efficiency changes, attaining some conclusions:
1) The optical efficiency of the high latitudes amounted to be smaller in comparison with that of the low latitudes, and with the increased in the incident angle of the sun, the difference between the two conditions appeared to be larger, owing to the end loss effect.
2) The thermal loss coefficient of the linear Fresnel system was 3.16 W/m 2 •˚C, which included the vacuum loss of vacuum tube, pipeline, oil tank etc. This value will follow the function of enhancing the thermal insulation performance of the system.
3) The optical loss of the system accounts for 32% of the total solar radiation, which could bring for a basis for the subsequent optimization of the system structure.
In conclusion, the LFR system simulation analysis as well as experimental test principle in different latitudes is both correct and reliable that provides a good reference for the optimal arrangement of linear Fresnel collector system in the cold region. TracePro software is capable of simulating and analyzing the optical performance of the collector system in different latitudes. Furthermore, there is the feedback to the system parameter design that provides some theoretical guidance for the application of LFR system in the cold region.
